INTRODUCTION
Breast cancer is the second most common cancer after thyroid cancer in Korean women [1] . Approximately, 35% to 40% of patients experience disease recurrence in spite of improved adjuvant treatments [2, 3] . Anthracyclines and taxanes are the principal chemotherapeutic agents in both the adjuvant and metastatic settings [4] . However, there is no standard therapeutic option for metastatic breast cancer (MBC) patients beyond anthracycline-and taxane-based chemotherapy.
Gemcitabine is a nucleoside analogue that affects the synthesis phase of the cell cycle. It has cytotoxic activity as a single agent, but a combination approach with other agents could lead to higher response rates than those seen with monotherapy [5] [6] [7] . Currently, gemcitabine is often used together with other drugs including taxanes, cisplatin, carboplatin, or vinorelbine in MBC [8] . Cisplatin is one of the most potent platinum agents and is active in MBC with comparable response rates and manageable toxicities to gemcitabine [9] . The combination of gemcitabine and cisplatin (GP) is known to be synergistic, and several studies demonstrated the clinical efficacy of GP therapy in heavily pretreated MBC patients, including those with triple-negative breast cancer [10, 11] . Many studies have been conducted to investigate the efficacy and safety of GP using various dosages and schedules of administration; however, no consensus has been reached [12] [13] [14] . In this study, we assessed the clinical efficacy of weekly low-dose GP in heavily pretreated patients with MBC.
Purpose: The combination of gemcitabine and cisplatin (GP) has been shown to be safe and efficacious for patients with metastatic breast cancer (MBC), pretreated with anthracyclines and taxanes. We assessed the efficacy and safety of weekly low-dose GP in patients with MBC. 
METHODS

Patients and treatment
We reviewed the medical records of patients diagnosed with MBC who received palliative GP chemotherapy at the National Cancer Center, Korea between January 1, 2001 and November 19, 2012. Cisplatin, 30 mg/m 2 and gemcitabine, 800 mg/m 2 were administrated intravenously on days 1 and 8, and the cycle was repeated every 3 weeks. A total of 384 patients were included in this study. Of these 90 patients were excluded for the following reasons: more than 3 lines of prior chemotherapy (n = 59); not evaluable for response to GP treatment as lost to follow-up or death after the first day of the first cycle (n = 18); diagnosis of other malignancies (n = 12); and male sex (n = 1) ( Figure 1 ). All patients received 1 or more cycles of GP treatment. This study was approved by the National Cancer Center's Institutional Review Board (number: NCC2014-0165).
Statistical analysis
We defined the distant disease-free interval (DDFI) as the time from first diagnosis of breast cancer to detection of distant metastasis. Time-to-GP (TTGP) was defined as the time interval from the date of diagnosis of distant metastasis to the start of GP treatment. Progression-free survival (PFS) was calculated from the date of the first day of the first cycle of GP chemotherapy until the date of progression or death from any cause. Overall survival (OS) was calculated from the date of the first day of the first cycle of GP chemotherapy until the date of death from any cause or last follow-up date. For patients who were lost to follow-up, data were censored on the date of their last visit. Survival analyses were conducted using the Kaplan-Meier method and compared with the log-rank test. The Cox proportional hazards model was used to find predictive factors for GP treatment. A p-value less than 0.05 was considered significant. SPSS version 12.0 for Windows (SPSS Inc., Chicago, USA) was used for all statistical analyses in this study.
RESULTS
A total of 384 patients were enrolled in the study, and the clinical data from 294 were eligible for analysis. The median age was 48 years (range, 28-78 years) and the median followup duration was 63.9 months (range, 7.1-218.7 months). All patients had been previously treated with anthracycline-and taxane-based chemotherapy in either the adjuvant or palliative setting, and approximately 75% received more than one cytotoxic chemotherapy regimen in the palliative setting prior to GP treatment. The baseline patient characteristics are summarized in Table 1 More than 70% of patients had visceral metastasis and 47 (15.7%) had brain metastasis. The most common cause of discontinuation of GP treatment was disease progression (Table  2 ). Only 5.8% of patients stopped receiving GP chemotherapy due to toxicities and the median number of GP cycles administered to them was 8 cycles (range, 1-14 cycles). The median PFS after GP treatment was 3.9 months (95% confidence interval [CI], 3.3-4.4 months) and the median OS was 27.7 months (95% CI, 17.6-37.8 months) (Figure 2 Table 3 ). All of these factors remained significant after multi- variate analysis. A shorter DDFI ( ≤ 2 years vs. > 2 years; HR, 2.07; 95% CI, 1.36-3.14; p< 0.001) and the presence of brain metastasis (HR, 2.14; 95% CI, 1.27-3.61; p= 0.004) were associated with worse OS outcomes after GP treatment (Table 4) . Hormone receptor status was not associated with the clinical efficacy of GP treatment in terms of PFS and OS (Figure 3) .
DISCUSSION
Approximately 30% to 50% of early breast cancer patients experience metastatic recurrence despite receiving standard adjuvant chemotherapies including anthracycline and taxane-based regimens [15, 16] . Unfortunately, there is no standard chemotherapeutic regimen for anthracycline-and taxane-resistant MBC. Previously, several phase II studies evaluated the efficacy and safety of GP combinations in these. They reported similar [12, 17, 18] . According to our data, the discontinuation rate of weekly low-dose GP due to overt toxicities was less than 6% and 32 patients (10.9%) discontinued GP because they were lost to follow-up or refused further treatment for other reasons. The significant predictive factors for PFS after GP treatment were PS (ECOG PS, ≤ 2), DDFI ( > 2 years vs. ≤ 2 years), TTGP ( ≥ 1 year), and the presence of brain metastasis. All of the predictive factors that we found were associated with a less aggressive form of the disease and better response to previous treatment. In contrast with other reports demonstrating the efficacy of platinum agents in triple-negative breast cancer [4, [19] [20] [21] , hormone receptor negativity was not a predictive factor for PFS after GP treatment in our analysis. Previous studies showing the efficacy of platinum agents in triple-negative breast cancer were mostly conducted in a first or second line setting [4, 10] . In our study, all patients were heavily pretreated for metastatic breast cancer, and this resulted in resistance to subsequent treatments. This may explain why cisplatin did not show a beneficial effect for triple-negative breast cancer in this study.
There are several limitations in this study, mainly due its retrospective nature. First, we could not collect specific data on the toxicity experienced by patients receiving GP treatment. We assumed that the safety of GP treatment was based on the discontinuation rate. Second, the response of metastatic lesions in the brain was not consistently assessed in patients who had brain metastasis previously. Therefore, many of these patients discontinued GP treatment due to progression in the brain, even when the systemic disease was under control. This could be the reason that brain metastasis was a poor predictive factor for PFS after GP treatment in the current study.
In conclusion, weekly low-dose GP treatment is a good palliative option for heavily pretreated MBC patients regardless of breast cancer subtype. GP showed good tolerability and considerable clinical efficacy in this patient group. Further study would be valuable to confirm the role of low-dose GP treatment in the metastatic setting.
